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PREFACE 


The research reported herein was conducted by the Arnold 
Engineering Development Center (AEDC), Air Force Systems 
Command (AFSC), under Program Element 65807F. The 
results of the research were obtained by ARO, Inc. (a sub- 
sidiary of Sverdrup & Parcel and Associates, Inc.), contract 
operator of AEDC, AFSC, Arnold Air Force Station, Tenn- 
essee, under ARO Project Numbers RF217 and RF414. The 
authors of this report were John M. Pelton and K. L. Hannah, 
ARO, Inc. The data analysis was completed on June 30, 1974, 
and the manuscript (ARO Control No. ARO- ETF- TR-75-93) 
was submitted for publication on June 25, 1975. 
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DISCUSSION 


A set of tables is presented that contain several thermodynamic 
properties of air and the exhaust gas from a turbine engine. 
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The tables were assembled to provide a readily available source 
of thermodynamic properties routinely used in hand calculations of turbine 
engine data. The properties include enthalpy, entropy, and specific heat 
at constant pressure. The properties were calculated using an air com- 
position from Ref. 1 but modified to reduce the number of constituents to 
five for reduced computer calculation time. The composition used in 
these calculations is given as follows: 


Constituent Fraction 
Nitrogen 0. 78084 
Oxygen 0. 209476 
Argon 0. 00934 
Carbon Dioxide 0. 0003194 
Neon 0. 0000246 


The molecular weight for this composition was defined as 28. 9646. 
The fuel composition was defined as C,H, g5, to represent the JP-4 
grade of fuel currently in use in turbine engines. 


The range of air properties is from 300 to 1800°R, and the 
pressure range is from 0.9 to 600 psia. The data are tabulated in 
temperature increments of 10°R and graduated pressure steps of 0.5 
to 100 psia. 


The data for exhaust gas ranges from a temperature of 600 to 
4000°R, from a pressure of 0.5 to 600 psia, and a fuel-to-air ratio of 
0.005 to 0.067. The temperature increments are 10°R for enthalpy 
and 100°R for entropy and specific heat. 


The properties were calculated using the method of Ref. 2. 
The thermodynamic properties of the constituent gases were taken 
from Ref. 3 (argon and neon properties were taken from Ref. 4). 
Real gas effects were included in the calculation of the air properties 
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using the method of Ref. 5 and the virial coefficients for the constituents 
from nef, 6. Chemical dissociation was included in the caiculation of 
the exhaust gas properties at the higher temperatures. 


A calculation was made using the method of Ref. 2 to determine 
the deviation in enthalpy when the fuel composition is considered to be 
C,H) g5n and C,,Ho,- These tables were constructed considering the 
fuel composition to be best represented by C,H) 95n!’ whereas other 
tables of similar data were developed using a fuel composition of 
CnHo,- The results are shown in Fig. 1 and show the deviation to be 
approximately 0.1 percent. This deviation is considered negligible, 
and the use of these tables considering the fuel composition should give 
a better representation of the thermodynamic properties for turbine 
engine exhaust. 


0.3 O P=14,696 PSIA 
GC P=1.4696 PSIA 
Fuel /Air = 0.067623 (CH) 


Fuel/Air = 0.06795 (CH, gg) 
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Figure 1. The percent deviation of the enthalpy as a function of 
temperature using a fuel composition CH2 and CH, 95. 
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INDEX FOR TABLES 


0.5 to 6.0 psia 

Table 1. Enthalpy 7.0 to 15.0 psia 
20.0 to 600.0 psia 

0.5 to 6.0 psia 


Air Table 2. Entropy 7.0 to 15.0 psia 


20.0 to 600.0 psia 


0.5 to 6.0 psia 


Table 3. Specific Heat 7.0 to 15.0 psia 


20.0 to 600.0 psia 


Table 4. Enthalpy 0.5 to 14.696 psia 


Exhaust Gas 15.0 to 600.0 psia 


Table 5. Entropy 0.1 to 600.0 psia 


/ 
0.5 to 600.0 psia* 


Table 6. Specific Heat | 0.1 to 600.0 psia 


*Exhaust gas assumed to be non-dissociated over the temperature range from 
600 to 2,730°R. 
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Table 1. Enthalpy of Air for Various Temperatures 
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Table 3. Specific Heat at Constant Pressure of 
Air for Various Temperatures and Pressures 


0.5 to 6.0 psia 
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Table 4. Enthalpy of C,H; .95,/Air Exhaust Gas for 
Various Temperatures and Pressures 


Temperature Range: 600 to 2,730°R 


0.5 to 600.0 psia® he oe 


*Exhaust gas assumed to be non-dissociated over the temperature range from 
600 to 2,730°R. 
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Table 4. Concluded 


Temperature Range: 2,740 to 4,000°R 


15.0 to 600.0 psia 
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Table 5. Entropy of C, Hi 95n/Air Exhaust Gas 
for Various Temperatures and Pressures 


Temperature Range: 600 to 4,000°R 
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Table 6. Specific Heat at Constant Pressure of C,H; .95/Air Exhaust | 
Gases for Various Temperatures and Pressures 


Temperature Range: 600 to 4,000°R 


0.1 to 600.0 psia Ss 
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NOMENCLATURE 


Specific heat at constant pressure (of air or exhaust 
gas), Btu/lbm-°R 

Enthalpy (of air or exhaust gas), 3tu/lbm 
?ressure, psia 

Entropy (of air or exhaust gas), Btu/1lbm-°R 


Temperature, °R 
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